To determine the prevalence of and investigate the risk factors for gallbladder (GB) polypoid lesions in a healthy population. Materials and Methods: A total of 23827 subjects who underwent abdominal ultrasonography in conjunction with health screening examinations were retrospectively analyzed. The prevalence of risk factors for GB polypoid lesions were evaluated. In addition, risk factors according to the number of polypoid lesions and the presence of stones with polypoid lesions were investigated. To analyze these risk factors, a control group was established with a 1:2 ratio matched for age and sex. Results: The prevalence of GB polypoid lesions was identified as 9.96%. On multivariate analysis, chronic hepatitis B infection (CHB) and the presence of metabolic syndrome (MS) were risk factors for GB polypoid lesions. CHB and MS were also significant independent risk factors for multiple GB polypoid lesions when compared with solitary GB polypoid lesions. In addition, gastric Helicobacter pylori infection and MS were significant risk factors for GB polypoid lesions with stones when compared with GB polypoid lesions without stones.
INTRODUCTION
A gallbladder (GB) polypoid lesion refers to any lesion elevated from the surface of the GB mucosa. 1 The presenting symptoms of GB polypoid lesions are nonspecific and vague, and in many cases, asymptomatic. For such reasons, most GB polypoid lesions are detected incidentally on abdominal ultrasonography (US). Although most such lesions are benign, several early GB cancers do present as polypoid lesions. 2, 3 Therefore, GB polypoid lesions have important clinical significance.
Recently, with the increasing number of people receiving health screening examinations and the rapid increase in the use of US, the detection of GB polypoid lesions is increasing. The prevalence of GB polypoid lesions varies from 1.3% to 9.5% based on region and race. [4] [5] [6] [7] [8] According to a 2006 Korean report, the prevalence of GB polypoid lesions was 2.2%, 8 which was relatively lower than those reported from other regions.
Risk factors for GB polypoid lesions in previous studies included a high body mass index (BMI), male gender, chronic hepatitis B (CHB), chronic hepatitis C, old age, serum cholesterol level, and metabolic syndrome (MS), although the factors varied among the different reports. [4] [5] [6] [7] [8] [9] The aims of this study were to evaluate the prevalence of GB polypoid lesions and to determine risk factors for these lesions in a healthy Korean population. The risk factors for solitary polypoid lesions and the presence of stones in lesions were also analyzed. 
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MATERIALS AND METHODS

Subjects
Between January 2010 and December 2012, 23827 South Koreans who underwent abdominal US for health screening examinations at Chung-Ang University Hospital in Seoul, Korea, were retrospectively identified. The GB polypoid lesion group was compared with a control group (without lesions), which was established based on a 1:2 ratio matching for age and sex. We performed the matching using random sampling after stratification by age and gender in the control group to compensate for the age and gender differences between the GB polypoid lesion and control groups.
Diagnosis of GB polypoid lesions
Two radiologists with over 10 years of experience each diagnosed the presence of GB polypoid lesions based on the abdominal US (Sequoia 512, Acuson, Mountain View, CA, USA). GB polypoid lesions were identified on abdominal US as fixed, hyperechoic material protruding from the GB wall into the lumen without an acoustic shadow, characterized by the absence of shift with positional change. 10 The number and diameter of the largest polypoid lesion were recorded.
Prevalence and risk factor analysis
We evaluated the prevalence of and the risk factors for GB polypoid lesions between the polypoid lesion group and the 1:2-matched control group. We compared overweight status, MS, fasting glucose, CHB, chronic hepatitis C, total cholesterol, triglyceride (TG), high-density lipoprotein (HDL) cholesterol, low-density lipoprotein (LDL) cholesterol, infection with gastric Helicobacter pylori (HP) based on a biopsy of mucosa in the gastric antrum and body or a Campylobacter-like organism test, and presence of colon polyps for those who underwent colonoscopy procedures. In addition, the risk factors for a singular stone and the presence of stones were evaluated in the GB polypoid lesion group. Overweight status was defined as a BMI of over 23 kg/m 2 . 11 According to the National Cholesterol Education Program-Adult Treatment Panel III criteria, 9 MS was defined when three or more of the following criteria were satisfied: 1) abdominal obesity: waist circumference of >90 cm in men and >85 cm in women; 2) hypertriglyceridemia: ≥1. 
Statistics
The sample size was calculated to detect a 1.23-fold increase in the odds of development of a GB polypoid lesion in the presence of one specific risk factor with 5% significance and 80% power. The calculation showed that 2378 cases, each with two matched controls, would be necessary to show such an association.
For continuous variables, the distribution of the data was first evaluated for normality using the Kolmogrov-Smirnov test. As not all of the variables passed the normality test, we additionally checked Q-Q plots. As total and LDL cholesterol did not indicate significant deviation from linearity, we allowed the normal assumption of a parametric test. Normally distributed data are presented as means±standard deviations, and the groups were compared using Student's t-tests. Non-normally distributed data are expressed as medians (P25-P75), and these data were analyzed using Mann-Whitney U tests. Descriptive variables were subjected to χ 2 analysis or Fisher's exact test, as appropriate, and results are presented as absolute numbers (%). To identify the significant risk factors for GB polypoid lesions, solitary polyps, and stones with GB polypoid lesions, multiple logistic regression with backward selection was used. The multi-collinearity diagnostic indicated no multi-collinearity issues (condition indices <30; VIF values <10) between the chosen independent variables in this study. Factors that had univariate p values of <0.1 were included for multivariate analysis. A p value of <0.05 was considered to be statistically significant. All statistical analyses were performed using SPSS 18.0 (IBM Corp., Armonk, NY, USA).
RESULTS
Patient characteristics and prevalence of GB polypoid lesions
The mean age of the entire cohort was 45.7 years (range, 14-89 years), and 13870 (58.2%) of the patients were men. GB polypoid lesions were identified in 2378 patients among the entire cohort. In the lesion group, the prevalence was 9.96%; 1568 patients (65.9%) were male and 810 (34.1%) were female; and the mean age was 45.9 years (range, 21-76 years) for males and 45.6 years (range, 21-83 years) for females.
Risk factors for GB polypoid lesions
On characteristics and univariate analyses, a low level of serum HDL cholesterol, CHB, and MS were found to be risk factors (Table 1 and 2) . On multivariate analysis with logistic regression, CHB [odds ratio (OR) 1.403; 95% confidence interval (CI) 1.095-1.797; p=0.007] was an independent risk factor for GB polypoid lesions, in addition to MS (OR 1.748; 95% CI 1.489-2.051; p<0.001) ( Table 2) .
Risk factors for solitary GB polypoid lesions
Among 2378 patients, 768 (32.3%) had a solitary polypoid lesion, and 1610 (67.7%) had multiple lesions. In characteristics and univariate analyses, overweight status, serum TG, serum HDL cholesterol, CHB, and MS were factors for the multiplicity of GB polypoid lesions ( 
Risk factors for the presence of stones with GB polypoid lesions
Among 2378 patients, 119 (5.0%) had GB stones. On univariate analysis, overweight status, MS, and gastric HP infection were found to be risk factors (Table 5 and 6) . On multivariate analysis, only gastric HP infection was an independent risk factor for the presence of stones with GB polypoid lesions (OR 2.933; 95% CI 1.185-7.246; p=0.020) ( Table 6 ).
DISCUSSION
Abdominal US is widely used and is the most important tool for the diagnosis of GB polypoid lesions. In recent years, the widespread and frequent use of US has increased the rate of incidental detection of GB polypoid lesions. As most lesions are detected incidentally during US, it is difficult to accurately measure its prevalence. The prevalence of GB polypoid lesions varies among countries and studies. In Denmark, the prevalence was 4.6% in men and 4.3% in women. 5 In Japan, the overall prevalence was 5.3% (6.3% in men, 3.5% in women), 6 and this was 6.9% in a Chinese study. 4 A Korean study in 1999, which evaluated patients who underwent health screening examinations, reported the overall prevalence to be 2.94% (3.63% in men, 2.09% in women). 12 Another Korean study in 2012 reported an 8.5% prevalence. 13 In our study, the prevalence rate was 9.96%, which was higher than previously reported in Korea. The main reason for this increase may be the wider use of US, which corresponds with the increasing interest among individuals in regular checkups. The incidence of GB polypoid lesions may also be increasing due to the increasing prevalence of MS.
14 However, our study evaluated only people who had more interest in their health. This factor have an influence on assessing the prevalence of GB polypoid lesions in the general population.
Cholesterol polyps are the most common type of GB polypoid lesion. Although the etiology is poorly understood, several researchers have suggested that cholesterolosis might be derived from the direct deposition of cholesterol from the blood. 15 Others have suggested that alterations in hepatic cholesterol metabolism and altered mucosal esterification of free sterols from bile may contribute to the development of cholesterolosis. Based on these hypotheses, we analyzed several blood lipid components as potential risk factors for GB polypoid lesions. However, blood cholesterol concentration was not an independent risk factor, and this finding was in agreement with previous reports. 5, 7, 8, 12, 16 There are also reports that hyperglycemia contributes to the formation of biliary stones by hindering the contraction of the GB and inhibiting the secretion of bile from the liver; 7, 17 however, hyperglycemia was not a risk factor for GB polypoid lesions in the present study.
MS has become a major public-health concern worldwide, and the prevalence of MS has been increasing. 18 As in a previous report, 7 we found MS to be a risk factor for GB polypoid lesions in our study. In recent years, the increase in MS due to a high-calorie and high-fat diet has increased the prevalence of GB polypoid lesions as well.
Studies have reported that CHB is a risk factor for GB polypoid lesions, 8, 12 and in this study as well, CHB was found to be an independent risk factor for GB polypoid lesions. CHB is known to cause abnormalities in the GB, such as wall thickening and alterations in the lumen size and volume; however, the relationship between CHB and GB polypoid lesions has not been delineated clearly. There are two possible explanations regarding the relationship between CHB and GB polypoid lesions. First, hepatitis B virus that is located in the bile of the GB may have a direct influence on the GB mucosa. Second, the inflammatory changes in liver parenchyma by CHB may affect the GB mucosa.
In general, a solitary polypoid lesion in the GB is more likely to go under malignant transformation than multiple lesions. 19 However, the size of the polypoid lesion is a more important factor than the number when estimating the likelihood of malignant transformtion. 20 Although MS and CHB may be risk factors for multiple polypoid lesions, 21, 22 as shown in this study, it is hard to conclude that these factors lessen the probability of malignant polypoid lesions.
Gastric HP infection is associated with the development of GB stones 23, 24 and is likely involved in the development of biliary tract cancer as well as GB cancer. 25 In this study, the group with both gallstones and polypoid lesions presented with significantly higher rates of HP infection, which implies that HP infection is related to stone occurrence rather than polypoid lesions. However, more studies are needed to establish the potential relationship between HP infection and malignant transformation of GB polypoid lesions, which may be caused by aggravation of the GB mucosal lesions (hyperplasia, metaplasia, or lymphoid infiltration) 26 or by the development of gallstones.
In conclusion, the prevalence of GB polypoid lesions in a healthy Korean population was 9.96%. Healthy Koreans with CHB and MS should be screened for GB polypoid lesions. CHB, MS, and gastric HP infection were risk factors for multiple GB polypoid lesions and the presence of stones.
Therefore, cases of CHB and MS need to be carefully examined to screen for GB polypoid lesions. In addition, patients with GB polypoid lesions who have MS or gastric HP positivity should undergo additional workup for the detection of GB stones. 
